Summary. The muscle coat of the upper region of the mouse oviduct undergoes morphological changes in both the muscular and the connective matrix components during pregnancy and the post-partum period. During pregnancy, there is a significant increase in the number of mitochondria and caveolae and in the extension of the smooth endoplasmic reticulum in smooth muscle cells, suggesting the enhancement of their contractile activity. Within two days after delivery, these changes regress completely. The interstitial connective matrix in pregnancy undergoes a de novo genesis of basal lamina-like material and of collagen fibers, which vary in diameter and are irregular in outline. Both these connective components appear in relation to deep, round shaped pits present all along the smooth muscle cell surface. After delivery, characteristic morphological patterns appear associated with the active role which the smooth muscle cells play in resorption and reorganization of the intercellular connective matrix.
The upper region of the mouse oviduct, extending from the infundibulum to the ampullary-isthmic junction, exhibits different cell arrangements and cytological features from the lower region, comprising the isthmus and the utero-tubal junction (FAUSSONE-PELLEGRINI and BANI, 1990; VIZZA et al., 1990) . The morphological organization of the tubal muscle coat differs from that of the myometrium and is suited to the particular contractile properties of the two tubal regions, reflecting their role in the fertilization and passage of the egg towards the uterus (BOLING and BLANDAU, 1971; HAFEZ, 1973; SAMUELSON and SJOSTRAND, 1986) .
Oviductal muscle contractility has been shown to be influenced by sex hormones (SAMUELSON and SJOSTRAND, 1986) , as supported by our previous findings of cyclic changes in the ultrastructure of the oviductal muscle coat during the estrous cycle (FAUSSONE-PELLEGRINI and BANI,1990) . Although the structural changes in the myometrium during pregnancy and the post-partum period are well decumented (CSAPO and CORNER, 1953; LAGUENS and LAGRUTTA, 1964; CSAPO et al.,1965; REYNOLDS, 1965; DE MATTOS et al., 1967; DESSOUKY, 1968; KELLY and VERHAGE, 1985; THILANDER and RODRIGUEZ-MARTINEZ,1989a, b, 1990) , possible changes in the oviductal muscle coat have not been investigated. We, therefore, carried out this ultrastructural and morphometrical study of pregnant mice, commencing with the upper region of the oviduct which exhibits the most distinctive features and whose structural characteristics differ most from the uterine muscle coat.
MATERIALS AND METHODS

Animals
Twenty adult virgin albino mice of the Swiss strain, weighing approximately 30 g, and in proestrous or early estrous, were used for the experiments.
The phase of the estrous cycle was determined by Papanicolau test of vaginal smears in the afternoon of the day before mating. Each female was left together with a male overnight. Eighteen mice underwent fertilization, the two which did not being used as controls. The pregnant mice were divided into five groups. Three groups of four animals were studied over a period of one, two and three weeks respectively after mating. Of the remaining six pregnant mice, three were sacrificed the day after delivery and three two days after delivery. All mice were sacrificed by prolonged anaesthesia. The oviducts were removed and distended to allow easy separation of the upper (infundibulum and ampulla) and lower (isthmus and utero-tubal junction) regions.
Electron microscopy
The oviductal tract corresponding to the upper region was divided into two sections, one containing the infundibulum and the other the ampulla. They were fixed in 4% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4, postfixed in 1% 0504 in 0.1 M phosphate buffer, pH 7.4, dehydrated in a graded acetone series, and embedded in Epon 812 using flat moulds. Ultrathin sections were stained with uranyl acetate and alkaline bismuth subnitrate and examined under a Siemens Elmiskop 102 electron microscope at 80 kV.
Morphometry
Morphometrical parameters were obtained from 30 different electron micrographs, chosen at random from each experimental group, at a final magnification of x35,000.
The volume density of mitochondria in smooth muscle cells was calculated as the ratio of the number of points over the mitochondria: the number of points over the entire cytoplasm was point counted (WEIBEL,1979) , using a square lattice with a distance of 14 mm between test points (equivalent to 0.4um on section). A total cytoplasmic area of 1,000um2 was considered per group.
The extension of the smooth endoplasmic reticulum was evaluated using a digitizing table with a resolution of 0.025 mm (Numonics 2210) interfaced with an Apple II GS personal computer through an Apple Super Serial card. The software was written by S. Bianchi in APW assembler 65816. This allows the length of the profiles of smooth endoplasmic reticulum and of the area of cytoplasm to be measured, adopting the algorythms proposed by MIZE (1985) . The mean extension of the smooth endoplasmic reticulum over 100,um2 of cytoplasm was evaluated per group.
The caveolae count was determined as the mean number of caveolae over 100um2 of plasma membrane -measured by the digitizing table-per group.
Statistical analysis
The significance of differences between the values (expressed as means ± SEM) of the morphometrical parameters of the experimental groups was checked by the Anova test, P<0.05 being considered significant.
RESULTS
Smooth muscle cells
Compared with the counterparts in estrous ( Fig. 1 ), there was a considerable increase during pregnancy in the number and extent of some smooth muscle cell organelles such as mitochondria, smooth endoplasmic reticulum and caveolae .
Morphometric analysis revealed a correspondingly significant increase in mitochondrial volume density from the first week of pregnancy (150.7+10.2 against 79.2 + 8.8). The extent of the smooth endoplasmic reticulum also increased significantly from the second week and continued to do so until term (reaching a maximum of 75.755±3.105 against 19.28±1.21). The ratio of the number of caveolae to plasma membrane extension rose significantly, especially at term (268 + 13.47 against 135±10.6), although no appreciable increase was found in the earlier stages of pregnancy (Table 1) .
Within two days of delivery, the changes occurring during pregnancy had regressed completely, and patterns characteristic of metaestrous began to appear. The most peculiar finding in smooth muscle cells in the post-partum period was numerous pleomorphic lysosomes scattered throughout the cytoplasm either singly or in small clusters. Some of them resembled myelin-like figures, others primary lysosomes, and yet others autophagic vacuoles containing whole mitochondria or their remnants (Fig. 6) .
The only specialized intercellular junctions ( Fig.  8B) were, as in the estrous, desmosome-like ones represented by thickenings of adjacent plasma membranes, with converging thin filaments (Fig. 1) . There was no change in their number or extension during pregnancy and the post-partum period compared with estrous, neither was there any increase in the Golgi elements or the rough endoplasmic reticulum. Cells with the features of differentiating smooth muscle cells (myoblasts) were never recognizable at any stage during pregnancy.
Intercellular matrix
Nine days after fertilization the basal lamina of the smooth muscle cells was thin and discontinuous, as it appears during estrous. Masses of a basal lamina-like material formed bridges, 0.2-0.3um long, between adjacent cells (Fig. 2) . From day twelve of pregnancy, the basal lamina became continuous (Figs. 3, 8A , B) and the bridges grew longer, reaching 2-3u m in length (Fig. 9) . During the first week of pregnancy, the connective matrix was similar to that observed in estrous, but from day nine peculiar structures appeared in close proximity to deep round-shaped pits of the surface of the smooth muscle cells. These structures consisted of small masses of flocculent or filamentous, electron-dense material lying in an amorphous, electron-lucent matrix (Fig. 7A-C) . Later, at the end of the second week, an electron-dense material was found inside these pits, organized in thin filaments surrounding electron-lucent cylinders whose diameters ranged from 50 to 100 nm (Fig. 8A, B) . From the third week of pregnancy until term, both types of structures disappeared from the connective matrix, but were replaced by collagen fibers (Fig. 10) with typical cross banding (Fig. 10 inset) and a diameter ranging from 30 to 90 nm. Both these fibers as well as others filling the interstitium between the smooth muscle cells (Fig. 11A-C) varied in diameter and were irregular in profile (Fig. 11A, C) , in contrast to the collagen fibers found in estrous, whose diameters ranged from 40-60 nm, and which were circular in outline. Hence, the collagen fibers found in pregnancy at term and the electron-lucent cylindrical structures found in the earlier phases of pregnancy have a similar maximum diameter. During this same period, the pits themselves on the surface of the smooth muscle cells underwent further characteristic invaginations of the plasma membrane, each invagination so small that it was perfectly occupied by one single collagen fiber (Fig. 11A, C) .
The first day after delivery, the plasma membrane inf olds of the smooth muscle cells deepened considerably, assuming finger-like features. They often ended in the vicinity of the nucleus and contained a single collagen fiber or several in small bundles (Fig. 12A,  B) . One day later, both the basal lamina and the intercellular matrix displayed the same features as in estrous -apart from small masses of flocculent or filamentous, electron-dense material, fairly similar to those found in the earlier stages of pregnancy, and lying in an electron-lucent matrix inside the pits of the smooth muscle cell surface (Fig. 13) .
DISCUSSION
The present study shows that the muscle coat of the upper region of the mouse oviduct undergoes marked morphological changes during pregnancy and the post-partum period.
During pregnancy, the smooth endoplasmic reticulum of the smooth muscle cells espands to thrice between the various times of pregnancy are not significant. **Differences between estrous and 2nd and 3rd week are highly significant (P<0.001). Differences between estrous and 1st week are not significant. Differences between the various times of pregnancy are significant (P<0.01). ***Differences between estrous and 3rd week are highly significant (P<0.001). Differences between estrous and 1st and 2nd week are not significant. the size it has in estrous, and the number of mitochondria and caveolae doubles. These findings indicate that the smooth muscle cells of the upper oviduct might be engaged in an enhanced contractile activity, especially in the last period of pregnancy. A greater number of mitochondria and caveolae and a larger extension of the smooth endoplasmic reticulum in the oviductal smooth muscle cells have also been found although to a lesser extent in estrous than in diestrous (FAUSSONE-PELLEGRINI and BANI, 1990) . Parallel functional findings of enhanced contractility have been reported by previous authors (SAMUELSON and SJOSTRAND, 1986) . It should be noted that similar pictures have also been demonstrated in hypertrophic smooth muscle cells in the partially obstructed intestine (GABELLA, 1990) . These data imply that, although the activity of the oviductal smooth muscle cells during pregnancy might be enhanced by hormonal control, this does not necessarily exclude mechanical influences.
The Golgi apparatus and rough endoplasmic reticulum, on the other hand, are no larger in pregnancy than in estrous (FAUSSONE-PELLEGRINI and BANI, 1990) or in pregnant myometrial cells (LAGUENS and LAGRUTTA, 1964; DESSOUKY, 1968; KELLY and VER-HAGE, 1985) . It should also be noted that the cells differentiating as smooth muscle cells, characteristic of proestrous (FAUSSONE-PELLEGRINI and BANI, 1990) , are never found during pregnancy. Furthermore, unlike the uterine smooth muscle cells which develop gap junctions just before and during delivery (GARFIELD et al., 1978; THILANDER and RODRIGUEZ-MARTINEZ, 1990) , the oviductal smooth muscle cells do not. Therefore, it seems that both hypertrophy and hyperplasia are not consistent in the upper region of the oviduct during pregnancy, and that gap junctions are not a prerequisite in this region for the propagation of contractile waves.
The numerous lysosomes together with autophagic bodies found in the smooth muscle cells after delivery association between electron-lucent cylinders and the filamentous material in close juxtaposition to these surface pits observed in the second week of pregnancy, are sequential stages in the organization of new collagen fibers. This reorganization of the intercellular material ultimately seems to lead to the formation of the cross-striated collagen fibers found at the end of pregnancy which vary in diameter but are generally wider than those seen pregnancy.
Collagen fibers of different diameter have also been found in the rat and mouse endometrium in close association with fibroblasts during estrous ( VAN VEEN and COPIUS PEEREBOOM-STEGEMAN, 1987) and pregnancy (ZORN et al., 1986; ALBERTO-RINCON et al., 1989) , two situations in which the synthesis and reorganization of the connective tissue matrix also occur. It is possible, therefore, that the changes in the connective interstitium of the oviduct during pregnancy are induced by hormonal stimuli. Nevertheless, a mechanical influence could also be involved, especially considering that similar pictures have been reported in the muscle coat of the artificially stretched intestine (GABELLA, 1990) and urinary bladder (GABELLA and UVELIVS, 1990) and in the tendon (RASPANTI et al., 1990) .
The characteristic relationships between the intercellular components and smooth muscle cells after delivery strongly suggest that these cells play an active role in the destruction and remodelling of the interstitial tissue, probably in the same fashion as decidual fibroblasts in the postpartum period (ZoRN et al., 1986) and by myometrial cells under steroid treatment (JEFFREY et al., 1990) . The role of lysosomes in the destruction of the intercellular matrix cannot be ruled out, although clear cut images of internalization and intracellular degradation of connective tissue components could not be found.
